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法对 Fe3O4 纳米粒子包覆 SiO2，再用 APTMS 进行表面修饰，得到氨基化的




结果表明，在 NaBH4 存在下 Fe3O4@SiO2@Au-nanoring 复合纳米材料能够有效
























In recent years, with the development of nanotechnology and nanoscience, 
multifunctional Au nanomaterials and Au-magnetic nanocomposites have been 
synthesized and applied to many fields, such as biomedicine, purification, separation, 
analysis, detection and catalyst. Since there were many reports about the synthesis of 
multifunctional Au-magnetic nanocomposites, some poisonous or expensive reagents 
were used or the synthesis process were complicated in most of them. Moreover, the 
obtained Au-magnetic nanocomposites synthesized by some methods were of low 
stability and properties, which were difficult to meet the needs of the research. Thus, 
it’s very important to development simple, costless and green methods to synthesize 
Au-magnetic nanocomposites with excellent properties. 
In consideration of the large specific surface area and great catalysis of Au 
nanorings as same as the excellent properties and easy surface modification of Fe3O4 
nanoparticles, the synthesis and applications of Au nanorings and Au-magnetic 
nanocomposites have been studied in this paper on the basis of previous works, 
carrying out the following research: (1) water-soluble and monodisperse Au nanorings 
were synthesized in aqueous solution based on the replacement reaction and then 
applied to the colorimetric detection of Hg2+ in aqueous solution; (2) 
Fe3O4@SiO2@Au-Nanorings nanocomposites were synthesized on the basis of in-situ 
synthesis and replacement reaction, whose catalyzed properties and recycle towards 
the degradation reaction of 4-NP were also studied; (3) Au-Fe3O4 hollow 
nanocomposites were performed by a modified one-pot method and applied to 
fluorescence detection and fast removal of Hg2+ in aqueous solution. 
This paper consists of 5 chapters as following: 
Chapter 1: The properties, synthetic methods and the application in the fields 
such as analysis, detection and catalyst of Au nanomaterials, Au nanorings, magnetic 
nanomaterials and Au-magnetic nanocomposites were briefly introduced, respectively. 
















nanoparticles were synthesized in aqueous solution by replacement reaction. The 
morphology and properties were characterized. In the presence of Hg2+，Hg2+ was 
reduced by surface capped citrate and deposited on the surface of Au nanorings to 
form Au-Hg nanocomposites, which could promote the peroxidase-like activity of Au 
nanorings. The colorimetric and quantitative detection of Hg2+ can be achieved by 
measuring the change of color and absorbance of Au nanorings - TMB - H2O2 system 
in the presence of Hg2+ with different concentration. 
Chapter 3: Magnetic Fe3O4 nanoparticles were synthesized by a traditional 
solvothermal and coated with SiO2 shell by Stöber method. Amino-functional 
Fe3O4@SiO2 nanocomposites were obtained by modification with APTMS. 
Fe3O4@SiO2@Ag nanocomposites were then synthesized by the adsorption and 
in-situ reduction of Ag+. Fe3O4@SiO2@Au-nanoring nanocomposites were finally 
obtained through a replacement reaction with the addition of HAuCl4 and sodium 
citrate aqueous solution. The morphology and properties of nanocomposites were 
characterized. The catalyzed properties and recycle towards the degradation reaction 
of 4-NP were also studied. Fe3O4@SiO2@Au-nanoring nanocomposites still 
exhibited well catalyzed activity after recycle for 10 times. 
Chapter 4: Au-Fe3O4 hollow nanocomposites were synthesized by a modified 
hydrothermal method. The size, morphology and properties of nanocomposites were 
characterized. On the basis of that Hg2+ and thymine can form a stable structure of 
“T-Hg2+-T”, a couple of thymine-rich DNA oligonucleotide sequence were designed. 
The fluorescence detection and fast removal of Hg2+ in aqueous solution were 
achieved by utilizing the fluorescence quenching effect of Au nanoparticles and the 
magnetic response of Fe3O4 nanoparticles. 
Chapter 5: The summary of the full text and the outlook for the development of 
follow-up research. 
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等[15]采用光刻技术制备了外径约为 310 nm，壁厚约为 33 nm的 Au NRs，并釆用时
域有限差分法（FDTD）模拟了 Au NRs 周围的局域表面增强电场分布，用于研究
表面增强拉曼散射效应。 
 
图 1-1 Au NRs 的制备原理 
Figure 1-1 Schematic depiction of the gold nanoring fabrication. 
Elin M. Larsson等[16]采用胶体平板印刷术，制备了外径约为 150 nm，壁厚约为





图 1-2 方形矩阵金纳米环的 SEM 照片，其中间距从 600 nm增大到 1100 nm 
Figure 1-2 SEM images of the fabricated Au NRs (square lattice) with lattice 

















Au NRs，其中外径约、壁厚以及高度分别约为 235 nm、60 nm以及 50 nm。通过将
Au NRs 之间的间距从 600 nm增大到 1100 nm（每次增加 100 nm），可以调谐等离
子体共振吸收峰至1460–1610 nm范围内，适用于生物检测。合成的方形矩阵Au NRs
的扫描电子显微镜（SEM）照片如图 1-2 所示。Yan 等[18]采用模板印刷术合成了
外径、内径和高度分别为 300、150 和 20 nm 的 Au NRs，如图 1-3 所示。结果表
明，这种方法适用于大规模地合成。 
 
图1-3 模板印刷术合成Au NRs的SEM照片 






























1.3.1 Fe3O4 纳米颗粒 
Fe3O4 纳米颗粒是目前应用最广泛的磁性纳米材料之一。从晶体结构来说，
Fe3O4 是典型的反尖晶石型结构，其结构为 Fe3+[Fe2+Fe3+]O4。每个晶胞含有 32
个 O2-、8 个 Fe2+以及 16 个 Fe3+，其中，O2-呈立方排列，形成 64 个四面体间隙
和 32 个八面体间隙，一半的 Fe3+则位于 O2-的四面体间隙中，而 Fe2+和其余的
Fe3+则位于 O2-的八面体间隙中，整个结构由四面体和八面体以一定的方式联结
而成，如图 1-4 所示。Fe3O4 的晶格常数为：a=b=c=8.396 nm，属于立方晶系。 
 
图 1-4 Fe3O4 的晶体结构 
Fig.1-4 The crystal structure of Fe3O4 
1.3.2 Fe3O4 纳米颗粒的制备方法 
目前，制备尺寸和形貌均一可控、分散性好以及稳定性高的 Fe3O4 纳米颗粒
的文献报道已经有很多。本节重点阐述制备Fe3O4纳米颗粒比较常见的几种方法：

















表 1-1 Fe3O4 纳米颗粒的制备方法 
Table 1-1 Synthesis methods of Fe3O4 NPs 














































1,2-十六烷二醇的混合溶剂中，先升温至 180℃，再在 200℃下保温 30 min，冷
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